The dietary intake of fructose-rich sugar-sweetened beverages (SSB) may have a significant role in raising serum uric acid (SUA) levels as well as the risk of contracting gout and cardiovascular risk factors. Our objective was to investigate the impact of SSB intake on SUA, body mass index (BMI) and systolic blood pressure (SBP) among adolescents in Taiwan. METHODS: We evaluated data from 2727 representative adolescents who were multistage sampled from 36 Junior High schools in Taiwan. We cross-sectionally collected demographic, physical, dietary and anthropometric variables, and prospectively measured clinical outcomes. Data were analyzed using multiple regression and logistic models adjusted for covariates. RESULTS: We found that 87.7% of adolescents were SSB drinkers, with 25.1% drinking 4500 ml per day of such beverages. Increased SSB intake was associated with increased waist and hip circumferences, body fat, BMI, SBP and SUA. As compared with non-drinkers, SSB drinkers had a 3.2-4.9 elevated risk of obesity. The prevalence of hyperuricemia in heavy SSB users (40.2-49.4%) was appreciably greater than that for non-users (24.2%). Adolescents who consumed 4500 ml per day of heavy high-fructose corn syrup (HFCS) containing beverages had a 0.42 mg dl À 1 higher SUA level and a 2.0-2.1 increased risk of developing hyperuricemia than non-drinkers. The consumption of HFCS-rich beverages was also found to interact with obesity in determining higher levels of SUA (2.2-2.4 mg dl À 1 increases). CONCLUSION: High SSB consumption has a notable effect on increased levels of BMI and SUA. The intake of HFCS-rich beverages and BMI were likely to interactively strengthen SUA levels among obese adolescents.
INTRODUCTION
While cardiovascular disease does not become clinically apparent until the adult years, risk factors for this disease, such as excess weight, abnormal serum uric acid (SUA) levels and elevated blood pressure, are attainable in childhood, 1, 2 and may continue into adulthood. 3 Metabolic syndrome is a grouping of medical disorders that increases the risk of developing cardiovascular disease, myocardial infarction and stroke. 4 In recent studies, abnormalities in weight and SUA levels have been observed to be associated with this syndrome in children and adolescents. 5 Data from the nationwide Nutrition and Health Survey in Taiwan, which took place between 1993 and 1996, have shown that 59.8 and 30.3% of male and female teenagers (13-18 years of age) have hyperuricemia, which is defined by SUA levels X7 mg dl À 1 in men and X6.0 mg dl À 1 in women. 6 The average SUA level in this age group of boys (7.3 mg dl À 1 ) and girls (5.5 mg dl À 1 ) was also found to be higher than that reported by other populations (boys, 5.3-5.7 mg dl for 11-18 teenagers in Japan and the United States). [6] [7] [8] This highlights the importance of identifying risk factors for the high SUA levels among Taiwanese youths. Since a notable increase in the obesity prevalence has been detected in recent decades, obesity, which predisposes individuals to an assortment of short-and long-term medical and psychosocial consequences, 9 is another vital concern in adolescents in Taiwan. 10 The density of chain convenience stores in Taiwan is among the highest in the world. On average, there is one convenience store for every 2500 people in the respective community. 11 In addition, hand-shaken beverage shops (shops derived from bubble tea sales and the like, as seen in Supplementary Table S1 ) are densely in position in areas within a short walking distance from dwellings and schools, exposing adolescents to immediate surroundings with high and easy sugar-sweetened beverages (SSB) accessibility. High-fructose corn syrup (HFCS), manufactured by the enzymatic processing of corn syrup to transform some of its glucose into fructose, is a popular sweetener used in processed foods and beverages. 12 In Taiwan, it is the only sweetener added in handshaken sugar sweetened (HSS) drinks. Because fructose is the sole sugar that leads to increased uric acid production via the activation of fructokinase pathway in hepatocytes, 13, 14 this particular treatment of such beverages may cause a noticeable health concern. Recent animal studies have also demonstrated the contributory role that fructose plays with respect to hypertension. 15, 16 In one national survey for adolescents, a high SSB intake has been associated with a 0.18 mg dl À 1 and a 2 mm Hg increase in SUA and systolic blood pressure (SBP). 17 Alternatively, although a number of studies have examined the relationship between SSB intake and childhood obesity, the findings were inconclusive, [18] [19] [20] and data for fructose-rich bubble tea-related drinks are particularly limited.
The purpose of this study is twofold: first, to examine the impact of SSB consumption on SUA levels, body weight and blood pressure and, second, to investigate the interplay effect between the intake of HFCS-rich drinks and the body mass index (BMI) on SUA among adolescents in Taiwan.
MATERIALS AND METHODS

Study participants
This was a large representative cross-sectional study conducted to monitor Multilevel Risk Profiles for Adolescent Metabolic Syndrome (named mRPaMS study) in southern Taiwan. The target population included all eligible students between the ages of 12 and 16 who were noted in the entry lists of Junior High schools in Kaohsiung city, Pingtung county and Taitung county, Taiwan. These three areas separately represented an urban, suburban and rural region. The study protocol was reviewed and approved by the Institutional Review Board of Kaohsiung Medical University. Data collection began in September 2007 and ended in December 2009.
A multistage, geographically stratified cluster sampling design was used to recruit the study's participants. Because a high percentage of aboriginal people live in Taitung county, oversampling of Taitung's respondents was implemented at the design stage to ensure that there were sufficient numbers of adolescents in diverse ethnicity groups. The sampling procedure was accomplished in three stages. In stage one, to ensure that there was a sufficient number of schools in each district, we geographically stratified Kaohsiung city, Pingtung county and Taitung county as the respective 8, 6 and 4 districts. In stage two, all of the Junior High schools within each district were enumerated, and a total of 36 of these schools were randomly selected. Finally, we randomly drew a class (with 30-39 students) from each grade in every selected school. A class was considered as a cluster, and all of the students in the selected classes were invited to participate in this study. A total of 3784 students agreed to participate in the questionnaire and anthropometric surveys (response rate, 97.5%). Among them, 2727 adolescents (72.1%) whose parents/guardians had signed the informed consent form took part in the clinical blood examinations. The final samples were weighted and adjusted so as to be representative of the student population of southern Taiwan.
Data collection
We developed a structured, paper-and-pencil-administered questionnaire for this study. With the help of two research staffs that are specifically trained for this project, the class teacher, who acted as the coordinator, administered the data collection and anthropometric measurements. Information obtained included demographic factors, personal disease history, lifestyle behaviors, dietary intake, physical activity, as well as smoking, alcohol drinking and betel-quid chewing status. Using the semiquantitative food-frequency questionnaire that includes a total of 23 food groups, daily dietary patterns were evaluated over the previous month. The Taiwanese Food and Nutrients Databank, established by the national Food and Drug Administration, was used to calculate the total calories according to individual food intake data. 21 After students completed the questionnaire, an informed consent form with respect to the students' blood examinations and a developed parent questionnaire were provided for their parent/guardians.
The respective consumption of an SSB, including soft drinks, fruit drinks and sweetened teas, was determined by the answers given to the foodfrequency questionnaire. We defined SSB drinkers as adolescents who had ingested at least one serving of any type of SSB per week over the prior month. The total SSB intake per day was calculated and categorized as non-intake, 1-499, 500-749, 750-999 and X1000 ml, based on the commonly used serving size (including 350, 500, 580, 750 and 1000 ml) in Taiwan. As shown and explained in Supplementary Table S1, among the SSB that were frequently consumed by customers, HSS drinks are an instant-made SSB provided by hand-shaken beverage shops, such as green tea, black tea and pearl milk tea. Since this type of SSB is exclusively sweetened with HFCS (mainly, high-fructose corn syrup-55), we categorized these SSB as HFCS drinks. In regard to other SSB, referred to as bottled sugar containing (BSC) drinks where the amount of sugar added is predetermined by the manufacturers, granulated sugar (sucrose) is the major caloric sweetener, as HFCS is not used or is merely mixed in here. In Taiwan, hand-shaken drink shops offer the choice of different HFCScontaining beverages for the purchasers, thus we further classified HSS drinks as slight, half and heavy HFCS-sweetened beverages. For a 750 ml of green tea and black tea, about 17, 25 and 50 ml (corresponding to 22, 34 and 68 g) of HFCS are added into the SSB, respectively, as shown in Supplementary Table S1 .
We also collected data on the physical activities of each adolescent in a typical week (both weekdays and during the weekend) using 9-group questions. Responses were converted to metabolic equivalent task (MET)-minutes per week by multiplying the MET level of activity by the minutes of the activity per day multiplied by the number of days per week. The MET levels were determined according to energy expenditures developed for youths. 22 The calculated values of all such activities were then summed up to indicate the overall physical activity. Participants were classified into three categories according to the tertiles of their overall physical activity. Moreover, adolescents who reported smoking one or more cigarettes or drinking at least one type of alcoholic beverage in the prior month were defined as having the status of smoking or drinking.
Anthropometric measurement
Data on height, weight, waist and hip circumferences, body fat and blood pressure were obtained at the time of performing anthropometry measurements. The BMI was calculated as one's weight divided by height squared (kg m À 2 ), while the percentage of body fat was determined using a body impedance method (BF-800, Tanita Corp., Tokyo, Japan). Blood pressure was measured using a mercury sphygmomanometer according to American Heart Association guidelines. 23 Two recordings of blood pressure measurement were taken at 5-min intervals, and the average systolic and diastolic blood pressure measurements were calculated for analysis. All anthropometry examiners were trained and certified to perform such measurements.
Clinical measurement
Blood specimens were prospectively collected from participants after 3 weeks of data collection. These samples were obtained in the morning by venipuncture after a 10-h overnight fast. Levels of serum total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol and triglycerides were enzymatically analyzed using commercially available reagents, 24 and levels of plasma glucose were measured with a modified hexokinase enzymatic method (TBA-c16000 automatic analyzer; Toshiba, Tokyo, Japan). We determined the concentration of SUA by using an enzymatic colorimetric assay that utilizes the enzyme uricase to oxidize uric acid and produces allantoin and hydrogen peroxide. Hyperuricemia was defined as an SUA level of X7 mg dl À 1 in boys and X6 mg dl À 1 in girls (definition I). 25 However, an alternative hyperuricemia definition (SUA X7.7 mg dl À 1 in men and X6.6 mg dl À 1 in women, definition II) used in Nutrition and Health Survey in Taiwan to monitor the prevalence pattern of hyperuricemia in Taiwan was also measured. 6, 26 Further, serum creatinine was assessed via modified kinetic Jaffe reaction assays using an automatic analyzer. We calculated the glomerular filtration rate (estimated in milliliters per minute per 1.73 m 2 ) by employing the abbreviated formula that was developed by the Modification of Diet in Renal Disease study. 27 
Statistical analysis
To adjust for the multistage sampling design and unequal sampling probabilities, all of the data were analyzed using the survey modules of Stata version 11 (StataCorp., College Station, TX, USA). We used linear regression models to assess the relationship between SSB intake and the anthropometric and clinical outcomes. The multivariate-adjusted differences (that is, the partial regression coefficients) were calculated to model the effect of different levels of SSB consumption on continuous outcomes. The potential confounders were individually evaluated in the basic regression model, with study area, age and gender simultaneously included. Factors that change the effect of interest by 410%, and/or that were determined to be confounders in previous studies, were considered to be confounding factors. 28, 29 Covariates that were adjusted for in the final regression models included: study area (Kaohsiung city, Pingtung county, Taitung county), age (year), gender, physical activity (tertiles), total calories (kcal per day), the intake of meat (o7 and X7 servings per week), seafood (o1, 1-3, X4 servings per day), fruit (1-6, 7, 47 servings per week), fried food (o1, 1-3, X4 times per week) and food with jelly/honey (o1, 1-3, X4 times per week), as well as the status of alcohol drinking (no, yes) and cigarette smoking (no, yes). To investigate the influence of SSB consumption on being overweight or obese (defined as BMI 25-29.9 and X30 kg m À 2 , respectively), as well as on hyperuricemia (no and yes for definitions I and II), we separately used multinomial and binary logistic regression models to estimate the related risks, which were measured using an adjusted odds ratio (aOR) and corresponding 95% confidence intervals. The interplay effect between BMI and SSB intake on SUA levels was appraised by fitting a multiple linear regression model with crossproduct terms that represent the interaction. Sensitivity analyses were also conducted by excluding adolescents with hypertension, diabetes, gout or kidney disease. In this study, seven students had hypertension and five had kidney disease.
RESULTS
Demographic, physical and dietary factors, as well as substance usage of the SSB drinkers and non-drinkers are presented in Table 1 . Adjusting for sample weights, 87.7% of adolescents were found to be SSB drinkers, with 25.1% drinking 4500 ml per day of beverages. Adolescents who consumed more SSB tended to be of The displayed data were adjusted for sample weight and the complex sample design.
Fructose-rich beverage intake and uric acid W-T Lin et al older age, boys and more likely to smoke cigarettes and drink alcohol (P trend o0.05). With the increased consumption of SSB, the intake of total calories, meat, fried food and food with jelly/honey was found to increase. Among drinkers with 4750 ml per day of intake, 77.0% were observed to be half or heavy HFCS drinkers. Table 2 shows the multivariate-adjusted differences in anthropometric and clinical outcomes between SSB drinkers and nondrinkers. An increased SSB intake was found to be associated with an increased level of waist and hip circumferences, body fat, BMI, SBP and SUA (P trend o0.005, model I). The level of these outcomes increased 3.27 cm, 3.90 cm, 3.25%, 1.70 kg m À 2 , 3.47 mm Hg and 0.61 ml dl À 1 , respectively, among adolescents who consumed 4750 ml per day of SSB, as compared with non-drinkers. Model I was additionally adjusted for BMI (model IIa) and for SUA (model IIb) to evaluate their respective impact on the effect of SSB. A reduced non-significant dose-response effect of SSB consumption on SBP was identified (51.0% and 42.4% of the effects were, respectively, explained by BMI and SUA, P trend ¼ 0.120 and 0.064). Although BMI also accounted for 32.8% of the dose-effect relationship, the increased intake of SSB was still linked to an increased level of SUA. Adolescents who drank 4500 ml per day of SSB had a 0.24-0.41 mg dl À 1 higher level of SUA than that of non-drinkers. Sensitivity analyses conducted by excluding adolescents with hypertension or kidney disease showed similar results (model III). Table 3 presents the effect of the type and amount of SSB consumption on BMI and SUA. Compared with SSB non-drinkers, adolescents who consumed heavy HFCS HSS drinks had a multivariate and BMI-adjusted 0.26 mg dl À 1 elevated SUA. In contrast, BSC drinkers had a 1.07 kg m À 2 appreciably higher BMI. Taking the quantity of SSB ingested into account, a daily intake of 4500 ml HSS beverages was associated with a 0.30-0.60 mg dl À 1 increase in SUA, regardless of the degree of HFCS consumed. Adjusting for the effect of BMI (model II), a 0.42 mg dl À 1 higher level of SUA was identified among adolescents who drank 4500 ml per day of heavy HFCS beverages. An intake of 4500 ml per day of BSC drinks was found to be related to a respective 2.34 kg m À 2 and 0.51 mg dl À 1 increase in BMI and SUA. However, its significant effect on SUA was partially accounted for by the BMI (BMI-adjusted difference ¼ 0.24, P40.05, model II).
The prevalence and risk associated with becoming overweight, obese or developing hyperuricemia in relation to the SSB types and amounts consumed are shown in Table 4 . A high quantity of SSB intake was identified as an important determinant. Adolescents who consumed 4500 ml per day of slight-to-half and heavy HFCS HSS beverages, and BSC drinks, all had a higher prevalence of obesity (7.6-10.4%) and hyperuricemia (definition I, 40.2-49.4%; definition II, 17.2-28.1%) than those who consumed 1-500 ml per day of beverages (2.6-5.5%, 29.7-33.4% and 14.2-19.0%, correspondingly). As compared with SSB non-drinkers, these groups of drinkers had a 3.2-to 4.9-fold elevated obesity risk. Regardless of the definition for hyperuricemia, a daily intake of 4500 ml of heavy HFCS-containing HSS drinks conferred a remarkably higher likelihood of having hyperuricemia, even when the influence of BMI has been taken into account (BMI-adjusted OR ¼ 2.0-2.1, model II). Figure 1 illustrates the interplay effect between BMI and SSB consumption on SUA levels. Among adolescents with a BMI of o30 kg m À 2 , the impact of the SSB types on SUA was homogeneous (the adjusted mean was 5.7-5.9 for BMI o25 and 6.5-6.9 for BMI ¼ 25-29). In contrast, the SSB type-specific effect was found to be heterogeneous among adolescents whose BMI was X30 kg m The dose-response effect of sugar-sweetened beverage intake explained by the covariate that was additionally adjusted for. b The adjusted mean displays the estimated prediction when the covariates were set as mean values. The models were adjusted for the study area, age, gender, physical activity, total calories, the intake of meat, seafood, fruit, fried food and a food with jelly/honey, as well as for alcohol drinking and cigarette smoking.
half and heavy HFCS HSS drinkers with BMI X30 kg m À 2 (P interaction term ¼ 0.015 and 0.020, respectively). Moreover, we did not identify any modifying effect due to gender, meat intake and alcohol drinking with respect to the relationship between SSB intake and SUA levels (data not shown).
DISCUSSION
Our study presents findings that reveal the impact of SSB intake on a higher level of SUA, BMI and SBP. The consumption of a high quantity of HFCS-rich beverages conferred a noticeable effect on SUA levels and hyperuricemia, even when the influence of BMI has been allowed for. In contrast, a high amount of BSC drink intake was found to be associated with an increased risk of becoming overweight or obese. The intake of HFCS-rich beverages was also observed to interact with obesity in determining a higher level of SUA. Although the positive relationship between SSB consumption and SBP levels was identified, a significant association was accounted for by the BMI or SUA.
Due to their low cost (B50 cents to 1.20 US dollars) and easy accessibility, the intake of HSS beverages in Taiwan is quite popular in all groups, including young children. Although the beverage recipes vary, usually containing a tea base mixed with tapioca pearls (called 'boba'), cubes of jelly, fruit syrup and/or milk, HFCS remains the principle sweetener that is added in these types of drinks. Moreover, according to customer preference, the producer can offer a diverse amount of HFCS-added beverages using a sugar-supplying machine. This unique characteristic creates a measure to examine the dose effect of HFCS-containing HSS drinks.
Unlike glucose and other simple sugars, fructose is the only monosaccharide that raises SUA concentrations through a series of biochemical reactions in hepatocytes, such as the phosphorylation of fructose, accentuated degradation of purine nucleotides and enhanced purine synthesis. 13, 14 In humans, such an increase in SUA levels has been detected upon experimental oral feeding or intravenous administration of fructose. 30, 31 Our investigation showed that adolescents who habitually consumed 4500 ml per day of heavy HFCS drinks had a twofold higher multivariateadjusted difference of SUA (0.60 mg dl À 1 ) than that for slight-tohalf HFCS drinks (0.30 mg dl À 1 ). With respect to heavy HFCScontaining beverages, such an effect (an adjusted difference of 0.42 mg dl À 1 ) was independent of the BMI and risk factors for SUA. Similar findings have been replicated in a nationally representative sample of US adolescents. 17 This implies that consuming a high quantity of heavy HFCS-containing beverages is a key feature in increased SUA.
Our adolescent study found that SSB drinkers had a 29.7-49.4% higher prevalence of hyperuricemia (definition I) than non-drinkers (24.2%), and that drinkers with 4500 ml per day of intake showed a 10.5-18.9% increase in prevalence than those with 1-500 ml per day of intake (prevalence, 40.2-49.4% vs 29.7-33.4%). Although the consumption of 4500 ml per day of heavy HFCS and BSC drinks was associated with a greater risk of contracting hyperuricemia (aOR ¼ 2.2-2.4), only the effect of heavy HFCS beverages was independent of the BMI (BMI-adjusted OR ¼ 2.0). Comparable results were duplicated in hyperuricemia definition II, which was employed in Taiwan to monitor the prevalence pattern for hyperuricemia. 6 These findings were also consistent with the results of the NHANES-III study, in that a dose-response relationship between SSB intake and hyperuricemia was clearly demonstrated. 32 Although hyperuricemia is a root cause for gout incidence, multiple epidemiological studies have also linked it to cardiovascular disease, stroke, chronic renal disease and increased mortality. 33 Our data emphasize that high dietary intake of heavy HFCS-containing beverages in childhood should not be overlooked in the prevention of adverse health consequences that are related to increased uric acid.
Whether we should include strategies for the reduction of SSB consumption in the prevention of childhood obesity is a controversial issue because previous investigations presented inconsistent results. With respect to the obesogenic role of SSB in promoting excess body weight, some studies have identified a positive association or mixed findings, while others have not. [18] [19] [20] The discrepancies in the SSB definition, research design, statistical dealing and result interpretation make it difficult to draw decisive The models were adjusted for the study area, age, gender, physical activity, total calories, the intake of meat, seafood, fruit, fried food and food with jelly/honey, as well as for alcohol drinking and cigarette smoking. The models were adjusted for the covariates in model I and the body mass index.
conclusions about this association. 20 In this study, adolescents who consumed increased amounts of SSB were comparably observed to have increased waist and hip circumferences, body fat and BMI. When adjusted for physical activity and other confounders, a high quantity of consumption of HFCS-rich and BSC drinks (4500 ml per day) was associated with a 3.2-to 4.9-fold risk of obesity. Our findings tend to support the argument that SSB is notably implicated in weight gain among youths who have high amounts of such intake. However, adolescents with excess body weight may drink greater quantities of SSB, this cross-sectional result cannot obviate the possibility of reverse causality. More recently, longitudinal studies have demonstrated that high intake of SSB in childhood is associated with young elevated body fat and obesity, as well as a higher adult BMI and being overweight. [34] [35] [36] Other studies on school aged children indicated that greater SSB consumption is related to poor dietary choices, and correlates with a greater waist circumference, BMI and being overweight. 37, 38 Some quite recent evidencebased comments suggest that promoting a decrease in SSB intake is a step in the right direction in the reduction of obesity among children. 39 A recent study conducted in a nurse cohort showed that, although women with a BMI of o30 kg m À 2 who consumed different levels of sugar-sweetened soda were at a non-significant risk of incident gout (relative risk ¼ 0.98-1.45), such risk was strengthened and found to be significant among women with a BMI of X30 kg m À 2 (relative risk ¼ 2.14-6.44). 14 Our study found that concentrations of SUA were interactively exaggerated in adolescents with a BMI of X30 kg m À 2 who consumed median and heavy HFCS-containing HSS beverages (a 2.2 and 2.4 mg dl À 1 increase, respectively). In adult follow-up studies, a 0.4 mg dl À 1 of SUA increase associated with a one serving increase in one's daily intake of beer has been estimated to lead to a 50% increased risk of contracting gout. 32 Given that SSB consumption was related to higher BMI and that SUA levels were enhanced in obese Table 4 . The prevalence rate (PR) and adjusted odds ratios (aOR) for overweight, obesity and hyperuricemia associated with the intake of sugar-sweetened beverages among adolescents in southern Taiwan The model I was adjusted for the study area, age, gender, physical activity, total calories, the intake of meat, seafood, fruit, fried food and food with jelly/honey, as well as for alcohol drinking and cigarette smoking. ; SSB was categorized as non-intake, HSS drinks with slight-to-half HFCS-added (median HFCS) and heavy HFCS-added (heavy HFCS), and BSC drinks. A red dashed line represented the level of serum uric acid among the SSB nondrinkers (reference line). The multivariate-adjusted means were obtained using a linear regression model adjusted for the study area, age, gender, physical activity, total calories, the intake of meat, seafood, fruit, fried food and food with jelly/honey, as well as for alcohol drinking and cigarette smoking. Significant interaction effects (denoted as *; the P for interaction term is 0.015 and 0.020, respectively) were detected among median and high HFCS consumers whose BMI was X30 kg m 
